Introduction
============

Hepatitis C virus (HCV) infection is a major public health problem with an estimated prevalence of over 184 million people worldwide.[@b1-idr-11-295] Patients with HCV are at risk of developing liver-related complications such as cirrhosis, liver failure, and hepatocellular carcinoma.[@b2-idr-11-295]

Egypt stands out as the country with the highest prevalence of HCV infection, recently estimated at 14.7% in subjects aged 15--59 years with a lower prevalence in urban areas (10.3%) compared with 18% in rural areas.[@b3-idr-11-295]--[@b5-idr-11-295] In Egypt, 15% of an estimated population of 85 million are HCV positive, of whom \>90% are infected with genotype 4 (GT 4).[@b6-idr-11-295],[@b7-idr-11-295] The rapid emergence of the epidemic in Egypt was initially fueled by the mass treatment of schistosomiasis using the injectable drug tartar emetic at some stage during the 1960s and 1970s.[@b8-idr-11-295]

Optimal therapy for patients with HCV GT 4 infection is changing rapidly; for a long time, the standard of care has been a combination of pegylated interferon and ribavirin (RBV), with modest response rates and considerable adverse events.[@b9-idr-11-295] The introduction of first-generation direct-acting antivirals (DAAs), was in 2011 with two new drugs (boceprevir and telaprevir). Later, in 2013, approval of the second-generation DAA, NS5B polymerase inhibitor sofosbuvir (SOF), has been a further step forward due to its pan-genotypic effect on HCV with better pharmacokinetics and improved resistance profiles. With the advent of all oral DAA drugs with a broad range of genotypic activity and a low incidence of side effects, we are entering an exciting new era in the therapeutics of HCV.[@b10-idr-11-295]

In October 2014, the US Food and Drug Administration approved a combination of SOF 400 mg with ledipasvir (LDV) 90 mg as a single pill (Harvoni). LDV is an NS5A replication inhibitor which is most active against genotype 1 (GT 1) and GT 4.[@b11-idr-11-295]

The efficacy of SOF and LDV (Harvoni) was studied in a Phase III trial. In HCV GT 1 infection, the ION study and the LONESTAR trial showed the sustained virological response after 12 weeks (SVR12) rates of about 95%[@b12-idr-11-295],[@b13-idr-11-295] and 100%, respectively.[@b11-idr-11-295],[@b14-idr-11-295] However, the NIAID Synergy study, an open-label, single-center, Phase IIa trial of LDV/SOF treatment in HCV-4--infected patients, which recruited 21 patients showed an SVR12 rate of about 95%.[@b15-idr-11-295],[@b16-idr-11-295]

Our aim was to assess the efficacy of combination treatment of SOF and LDV over a 12 week treatment period for HCV GT 4 patients in real life.

Patients and methods
====================

This open-label, randomized trial was carried out on chronic HCV-infected patients attending four clinics: the El-Ebor clinic, Kafr-Elsheikh, Ain-Shams University, and Tanta University outpatient clinics during the period from October 2016 to April 2017. HCV infection was confirmed by positive polymerase chain reaction (PCR) for HCV infection (serum HCV RNA ≥12 IU/mL).

The duration of the study was 6 months starting immediately after obtaining approval from the Tanta University faculty of medicine ethical committee. An informed written consent was taken from each patient. All patients' data were confidential with anonymized codes and were used for the current study only. Institutional ethical committee approval was obtained before the start of the study. The study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki as reflected in a prior approval by the institution's human research committee.

Any unexpected risk appearing during the course of the research was made clear to the participants and ethical committee on time, and proper measures were taken to overcome or minimize these risks.

Complete blood count, liver function tests, fasting blood sugar, and serum creatinine were checked for all patients enrolled in the study. Moreover, hepatitis B surface antigen (HBs-Ag) test, α-fetoprotein, as well as abdominal ultrasonography were performed for all patients before starting treatment.

Two hundred treatment-naive patients who were HCV-antibody positive and HCV RNA positive by PCR, aged \>18 years, were enrolled in the study and patients were randomized into two groups: Group I included 100 patients who received single therapy with SOF/LDV once daily for 12 weeks, while group II included 100 patients who received dual therapy with one SOF 400 mg tablet daily plus oral weight-based RBV (1000 mg/day for those weighing \<75 kg or 1200 mg/day for those weighing ≥75 kg) for 24 weeks.

We decided to give the patients in group I SOF/LDV for 12 weeks based on previous data which concluded that SVR rates were significantly lower[@b17-idr-11-295] and relapse rates[@b18-idr-11-295],[@b19-idr-11-295] were higher in patients treated for 8 weeks compared with patients treated for 12 or 24 weeks, while other studies showed no significant difference regarding SVR when extending therapy for 24 weeks.[@b12-idr-11-295] On the other hand, reducing treatment duration decreases the rate of discontinuation of treatment and increases adherence.

Patients with a Child--Pugh score of ≥8, platelets \<50,000, renal failure, previous history of hepatocellular carcinoma (except those 12 weeks after confirmed successful ablation of the malignant tumor), extrahepatic malignancies after a 2-year disease-free interval, and pregnant females were excluded, and all females of childbearing age and female partners of males who were enrolled in this study were advised to use contraceptive methods during and 6 months after treatment.

Follow-up of patients in both groups was performed every month during treatment when the patients attended the clinic to receive their monthly prescriptions. The patients were asked if they had experienced any side effects and were clinically evaluated. Complete blood count and liver and kidney function tests were performed every month. PCR for HCV was performed after 1, 3, and 6 months of treatment. End of treatment response was determined by quantitative PCR for HCV at the end of treatment for each of the study groups. The primary end point was an SVR12 after the end of treatment, as determined by quantitative PCR for HCV.

Efficacy assessment
-------------------

Serum HCV RNA was measured using the Cobas Ampli Prep/Cobas TaqMan HCV-RNA assay (Roche Diagnostics, Pleasanton, CA, USA) with a lower limit of detection of 15 IU/mL.

Statistical analysis
--------------------

The statistical significance between the studied groups was analyzed using unpaired *t*-test (for parametric variables), or chi-square test and Fisher's exact test (for nonparametric variables). Statistical tests were performed with SPSS (Version 23). *p*-values \<0.05 were considered statistically significant.

Results
=======

Patients' demographic and baseline characteristics
--------------------------------------------------

There were no statistical differences between the studied groups regarding age, sex, serum alanine aminotransferase level, serum aspartate aminotransferase level, hemoglobin level, white blood cell count, platelet count, serum albumin level, serum bilirubin level, prothrombin time, α-fetoprotein level, serum creatinine level, fasting blood sugar level, and thyroid stimulating hormone level ([Table 1](#t1-idr-11-295){ref-type="table"}).

Treatment response in the studied groups after 12 weeks
-------------------------------------------------------

Group I patients showed statistically significant higher SVR12 compared with group II patients (99% vs. 80% with 95% CI 0.95--1.00 vs. 0.71--0.87, respectively). Only one patient had to stop treatment in group II due to development of decompensation with ascites and jaundice ([Table 2](#t2-idr-11-295){ref-type="table"}).

Side effects in the studied groups
----------------------------------

There were no statistical differences between the studied groups regarding the frequencies of the side effects ([Table 3](#t3-idr-11-295){ref-type="table"}).

Discussion
==========

In this open-label, randomized trial, 200 previously untreated, HCV-infected patients were randomized into two groups and received treatment for HCV infection in the form of SOF/LDV for 12 weeks and SOF/RBV for 24 weeks, respectively. There was no statistically significant difference regarding demographic or laboratory investigations between the two studied groups. Some of these factors were previously associated with poor response to an interferon-based regimen.[@b20-idr-11-295],[@b21-idr-11-295]

The sustained virological response was statistically significantly higher after 12 weeks (SVR12) in group I compared with group II. Our result was in accordance with that obtained by Afdhal et al[@b12-idr-11-295] who concluded that LDV--SOF with and without RBV for 12 or 24 weeks was highly effective for a broad range of treatment-naive patients with HCV GT 1 infection. Also, Kohli et al[@b15-idr-11-295] concluded that LDV and SOF treatment for 12 weeks was well tolerated by patients with HCV GT 4 and resulted in 100% SVR.

On the other hand, one patient in group I vs. 20 patients in group II did not achieve SVR, and one patient in group II had to stop therapy as the patient developed manifestations of hepatic decompensation in the form of ascites and jaundice.

There was no statistically significant difference between the two studied groups regarding side effects; fatigue was the most common side effect observed in group I, while headache, nausea, and insomnia were documented by patients to a lesser extent. This result was in agreement with the results of ION trials which concluded that fatigue, headache, nausea, and insomnia were the most common adverse effects recorded by patients.[@b12-idr-11-295],[@b13-idr-11-295],[@b20-idr-11-295] Also, Wyles et al[@b22-idr-11-295] documented that fatigue, headache, and diarrhea were the most experienced side effects. Headache, cough, and myalgia were more common in group II, which can be attributed to RBV.

This study adds value to the medical literature as there is little data published on SOF/LDV in GT 4 patients.

In conclusion, SOF--LDV is one of the best options for treatment of patients with HCV GT 4. This regimen is much better than SOF--RBV in this cohort of patients.
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###### 

Patients' demographic and baseline characteristics

  Variable                            Group I (n=100)   Group II (n=100)   *p*-value
  ----------------------------------- ----------------- ------------------ -----------
  Age, years (mean±SD)                51.19±9.19        53.29±8.75         0.10
  Sex                                                                      
  Male, n (%)                         65 (65%)          75 (75%)           0.12
  Female, n (%)                       35 (35%)          25 (25%)           
  ALT, U/L (mean±SD)                  44.87±33.04       52.51±39.11        0.14
  AST, U/L (mean±SD)                  42.32±31.24       52.92±37.61        0.31
  Hb, g/dL (mean±SD)                  14.41±1.74        14.18±1.69         0.34
  WBC count (mean±SD)                 6.76±2.02         6.64±2.54          0.71
  Platelet count ×10^9^/L (mean±SD)   202.68±68.29      189.62±88.78       0.25
  Albumin level, g/dL (mean±SD)       3.90±0.52         3.94±0.43          0.50
  Bilirubin level, mg/dL (mean±SD)    0.76±0.59         0.91±0.56          0.08
  Prothrombin activity (%)(mean±SD)   0.789±0.107       0.791±0.114        0.89
  AFP (mean±SD) (ng/mL)               6.52±9.23         10.67±20.38        0.07
  Creatinine (mean±SD) (mg/dL)        0.85±0.19         0.87±0.21          0.52
  FBS (mean±SD) (mg/dL)               109.75±39.36      115.75±47.23       0.33
  TSH (mean±SD) mIU/L                 1.64±.02          3.29±11.08         0.14

**Abbreviations:** AFP, α-fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; FBS, fasting blood sugar; Hb, hemoglobin; TSH, thyroid stimulating hormone; WBC, white blood cell.

###### 

Treatment response in the studied groups after 12 weeks

  Treatment response         Group I (n=100)   Group II (n=100)   *p*-value
  -------------------------- ----------------- ------------------ ----------------------------------------------------
  Virological response                                            \<0.001[\*](#tfn2-idr-11-295){ref-type="table-fn"}
  SVR12, n (%)               99 (99%)          80 (80%)           
  (95% CI)                   (0.95--1.00)      (0.71--0.87)       
  Non-SVR12, n (%)           1 (1%)            19 (19%)           
  Stopped treatment, n (%)   0 (0%)            1 (1%)             

**Note:**

*p*\<0.05 (indicates significant difference between the studied groups).

**Abbreviation:** SVR12, sustained virological response after 12 weeks.

###### 

Side effects in the studied groups

                       Group I (n=100)   Group II (n=100)   *p*-value
  -------------------- ----------------- ------------------ -----------
  Side effects n (%)                                        0.64
  No side effects      74 (74%)          71 (71%)           
  With side effects    26 (26%)          29 (29%)           
  Headache             2 (2%)            9 (9%)             
  Fatigue              18 (18%)          9 (9%)             
  Insomnia             2 (2%)            0 (0%)             
  Diarrhea             1 (1%)            0 (0%)             
  Nausea               2 (2%)            0 (0%)             
  Cough                1 (1%)            7 (7%)             
  Myalgia              0 (0%)            4 (4%)             
